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DESCRIPTION 

ANTENNA AND PORTABLE RADIO COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 

1 . TcGhniGal Field of the Invention 

[ 0001 ] The present invention relates to antennas and 

portable radio communication apparatuses, and more particularly, 
to an antenna that performs a multiple resonance and a portable 
radio communication apparatus including the antenna. 

2 . Description of the Related Art 
Antennas Background Art 

[ 0002 ] Structurco of antonnao and portable radio 

communication apparatuses of this type are disclosed, for example, 
in Japanese Unexamined Patent Application Publication No. 2003- 
283238 (Patent Document Documcnto 1 ) , Japanese Unexamined Patent 
Application Publication No. 2003-283225 (Patent Document 2), 
Japanese Unexamined Patent Application Publication No. 2003-8326 
(Patent Document 3) , and Japanese Unexamined Patent Application 
Publication No. 2003-347835 (Patent Document ^ fe^4) . 

[0003] In Patent Document 1, as shown in Fig. 15, a 

technology for increasing the bandwidth of a single-resonance 1/4 
X microstrip antenna 100 that is a so-called sheet metal 
inverted-F antenna is disclosed. GuggcGtcd. More specifically. 
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the bandwidth is increased by providing an antenna element 105 
and installing a linear ground wire 101a or a wound ground wire 
101b in the vicinity of e ^a corner or the like of a ground plate 
(ground electrode) 102. In addition, a narrower short-circuit 
wire 104 is provided independently of a feeding wire 103. The 
short-circuit wire 104 defines a ocrvco as a short-circuit stub 
which f unctions f unctioning as a matching circuit for matching 
with an input impedance for feeding. 

[0004] In addition, in Patent Document 2, as shown in Fig. 

16, a technology for causing a first antenna element 202 and a 
second antenna element 203 to produce a double resonance by 
installing the first antenna element 202 and the second antenna 
element 203 in a portion near an end 201 in a longitudinal 
direction (one of two shorter sides at both ends) of a casing 204 
of a cellular phone unit 200 and by supplying power to the first 
antenna element 202 and supplying no power to the second antenna 
element 203 is disclosed ouggcotGd . 

[0005] In addition, in Patent Document 3, as shown in Fig. 

17, a surface-mount antenna main unit 300 in which a feeding 
radiation electrode 301, a first non-feeding radiation electrode 
302, and a second non-feeding radiation electrode 303 produce a 
multiple resonance by disposing the feeding radiation electrode 
301, the first non-feeding radiation electrode 302, and the 
second non-feeding radiation electrode 303 on a dielectric base 
member 304 is disclosed. auggcotGd. In the surface-mount antenna 
main unit 300, electric field coupling between a feeding 
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radiation electrode and a non-feeding radiation electrode is 
achieved by enabling causing the dielectric base member 304 to 
function as an electric capacitor connected to the non-feeding 
radiation electrodes 302 and 303. Accordingly, the surface-mount 
antenna main unit 300 achieves real izGO a multiple resonance. 

[0006] In addition, in Patent Document 4, as shown in Fig. 

18, a technology for improving antenna gain while maintaining the 
sharpness of the directivity of the entire wholc antenna by 
forming a ground opening 402 in a ground electrode 401 on which a 
surface-mount antenna main unit 400 is providedT — in addition to 
the invention dcocribcd in Patent Document 3, is 
disclosed. suggcQtcd. Since the ground opening 402 is formed by 
drilling a through hole in the ground electrode 401, the ground 
opening 402 is surrounded by a conductor of the ground electrode 
401. The entire wholc antenna including the surface-mount antenna 
main unit 400 is a multiple-resonance antenna in which a 
radiation electrode 403 and a radiation electrode 404 are 
provided on a surface of a dielectric base member 402. 

Patent Document 1 ! — Japancoc Unexamined Patent Application 

Publication No. 2003 2 8 323 8 

Patent — Document — 2-^ — JapancDC Unexamined Patent Application 

Publication No. 2003 2 8 3225 

Patent Document 3 1 — Japanese Unexamined Patent Application 

Publication No. 2003 8326 

Patent Document — 4-5 — Japancoc Unexamined Patent Application 

Publication No. 2003 347 8 35 
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DiGcloGurc — — Invention 

[ 0007 ] However, the foregoing portable radio 

communication apparatuses have the following problems dcoGribcd 
below . 

[ 0008 ] In the technologies described in Patent Documents 

1 and 2, it is difficult to achieve an excellent multiple 
resonance including two or more resonances in fundamental waves 
and harmonic waves. 

[0009] That is, since the antenna elements 105, 202, and 

203, and the ground wires 101a and 101b are not loaded with a 
dielectric substance, it is difficult to set electromagnetic 
coupling between these components componcnt parts in a desired 
manner. In addition, since a location pooition of the ground 
plate 102 to which the ground wires 101a and 101b are connected 
is restricted to the vicinity of a corner or the — liJcc of the 
ground plate 102, sufficient electromagnetic coupling is may not 
fee— achieved between the ground wires 101a and 101b and the ground 
plate 102. Thus, for example, when a resonance is set so as to 
match one of a fundamental wave and a harmonic wave, it is often 
difficult to achieve matching of the resonance with the other one 
of the fundamental wave and the harmonic wave. 

[ 0010 ] In addition, in particular, the ground wire 101a 

suggested in Patent Document 1 cxpando — fextends^- along a line 
from a longer side of the ground plate 102 to the outside. Thus, 
when an antenna including the ground wire 101a is incorporated 
into, for example, a cellular phone unit, the ground wire 101a 
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protrudes in an elongated shape in a horizontal direction from 
the body of the cellular phone unit. Thus, the protruding ground 
wire 101a greatly disturbs users. In addition, handling of the 
whole cellular phone unit is complicated. When the wound ground 
wire 101b is provided, the ground wire 101b is less disturbing 
than the linear ground wire 101a. However, since the ground wire 
101b greatly expands outside the ground plate 102, this 
arrangement does not enable io contrary to a reduction in the 
overall size of the cellular phone unit including the ground wire 
101b. 

[ 0011 ] In addition, it is difficult to achieve an 

increase in bandwidth (to achieve a wider bandwidth in which 
transmission and reception can be performed) while reducing the 
thickness (lowering the profile) — of the entire antenna. That is, 
as shown in Fig. 15, since coupling saturation caused by an 
electric field E that leaks out toward the ground wire 101b must 
be prevented avoidcd , a minimu m ccrtain distance must be provided 
between the ground plate 102 and the ground wire 101b. Thus, due 
to this minimum ouch a distance, a reduction in thickness and 
miniaturization are prevented. In addition, since a 
minimum ccrtain height (the height from the ground plate 102 to 
the antenna element 105) is required for an a oo - callcd inverted-F 
structure in order to achieve an increase in bandwidth, such a 
height prevents the reduction in thickness. 

[ 0012 ] In addition, when the above-mentioned antenna is 

used for, for example, a cellular phone unit, a problem occurs in 
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which the antenna characteristics are adversely affected when a 
user^ s thc user brings his or her head is moved closer to the 
antenna for conversation. That is, since the above-mentioned 
antenna is not loaded with a dielectric substance, a large 
electric field leaks out toward the head. Thus, when the head, 
which has a high dielectric constant, approaches the antenna, a 
function of the antenna to transmit and receive radio waves for 
communication that io the originally required function of an 
antenna may be inhibited. 

[0013] In addition, since the ground wires 101a and 101b 

and the antenna elements 202 and 203 are connected to an end on 
one side of the ground plate 102, deviation occurs in the current 
distribution of the ground plate 102 in a direction along the one 
side of the ground plate 102, and an induced current is generated. 
Due to a voltage drop of the induced current, the electric field 
that leaks out toward the head is increased. Thus, when a 
user^ s uocr brings hio or her head is moved closer to the antenna, 
the function of the antenna to transmit and receive radio waves 
for communication that is the originally required function of the 
entire antenna is inhibited. 

[ 0014 ] In addition, in particular, in the technology 

described in Patent Document 2, when the antenna elements 202 and 
203 expand outside a ground plate (not shown in Fig. 16) , an 
electrostatic shielding effect of the ground plate does not reach 
the antenna elements 202 and 203. In particular, when the 
antenna elements 202 and 203 are disposed in a portion near the 
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upper end of a cellular phone unit, these elements are become — fefee 
closest to the head of a user when the user uses the cellular 
phone unit. Thus, when the head, which has a high dielectric 
constant, approaches the antenna, the operation characteristics 
of the entire antenna are adversely affected by the head. In 
addition, when the antenna elements 202 and 203 extend cxpand on 
the ground plate, an advantage of a wider bandwidth can be 
achieved due to a multiple resonance, as compared to with a 
single-resonance antenna. However, since the Q-value of each of 
two resonances def ining constituting the multiple resonance is 
high, there io a limit to the increase in bandwidth is limited . 

[0015] In addition, in the technologies described in 

Patent Documents 1 and 2, the elongated ground wire 101a 
protruding at the corner of the ground plate 102 and— the antenna 
element 105 disposed with a predetermined height from the ground 
plate 1027 — and the like are obstructive to the attachment of a 
CCD image pickup element, a flash element, a liquid crystal 
display element (not shown) , or other components . ^fefee — liJco . 
Alternatively, the elongated ground wire 101a protruding at the 
corner of the ground plate 102 and— the antenna element 105 
disposed at with a predetermined height from the ground plate 102 
limit the design of7 — and the like serve do conotrainto v^hcn 
designing the body of a radio communication apparatus, such as a 
cellular phone unit. This inhibits a reduction in the thickness 
and miniaturization of the entire radio communication apparatus. 
[0016] In contrast, in the technology described in Patent 
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Document 3, although a reduction in the thickness and 
miniaturization of the entire antenna and an increase in 
bandwidth are achieved can be realized together , a further 
increase in bandwidth is desired. Thus, there is a need to 
satisfy this meeting the need for a further thio increase in 
bandwidth io rcqucQtcd . 

[0017] In addition, in the technology described in Patent 

Document 4, due to the ground opening 4 02, the antenna gain can 
be improved while the sharpness of the directivity of the entire 
antenna is maintained. However, since the ground opening 402 is 
merely a space (opening) of limited size, such as, at most, about 
several millimeters, surrounded by the ground electrode 401, the 
ground opening 402 is not regarded as being an opening 
significantly large with respect to a wavelength, depending on 
the frequency band to be used. Thus, the desired increase in 
bandwidth cannot be achieved. 



SUMMARY OF THE INVENTION 

[ 0018 ] To overcome the In order to solve the abovc - 

dcocribGd problems described above, preferred embodiments- — et¥t 
ob j cct of the present invention i-s — fee— provide an antenna that 
achieves a reduction in the thickness and miniaturization of the 
overall size and that achieves a further increase in bandwidth_j_ 
and to provide a portable radio communication apparatus 
including uoing such an antenna. 

[0019] An — In order to achieve the abovG - mcntioncd object, — aft 
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antenna according to a preferred embodiment an aopcct of the 
present invention includes a substrate including a ground 
electrode having e j— a substantially rectangular shape, a feeding 
radiation element including a_feeding element iuGans and including 
a radiation electrode inside or outside a dielectric substance, a 
first non-feeding radiation element electrically connected to the 
ground electrode and including a radiation electrode inside or 
outside a dielectric substance, and a second non-feeding 
radiation element electrically connected to the ground electrode 
and including a radiation electrode inside or outside a 
dielectric substance. The feeding radiation element is 
arranged dispoQcd on the ground electrode such that a surface of 
the radiation electrode of the feeding radiation element is 
substantially parallel to a surface of the ground electrode_j_ and 
such that the feeding radiation element is disposed in the 
vicinity of a desired prcdGtcrminGd side of the four peripheral 
sides of the ground electrode. The first non-feeding radiation 
element is arranged diopoood on the ground electrode such that a 
surface of the radiation electrode is substantially parallel to 
the surface of the ground electrode and such that the first non- 
feeding radiation element is disposed next to the feeding 
radiation element so as to be in the vicinity of the 
desired prcdGtcrminGd side. The second non-feeding radiation 
element is arranged dispoGcd such that the second non-feeding 
radiation element is adjacent to both the feeding radiation 
element and the first non-feeding radiation element and such that 
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at least a portion part of the second non-feeding radiation 
element projects outside the ground electrode from the 
desired prcdctGrmincd side. 

[0020] With this arrangement, the ground electrode, the 

feeding radiation element, the first non-feeding radiation 
element, and the second non-feeding radiation element produce a 
triple resonance with outstanding an GxcGllont matching over a 
wide bandwidth. 

[0021] In addition, since the radiation electrode of each 

of the feeding radiation element and the first and second non- 
feeding radiation elements is loaded with a dielectric substance, 
the amount of electric field coupling between the three 
electrodes can be set with high flexibility. 

[ 0022 ] In addition, the feeding radiation element and the 

first non-feeding radiation element of the three electrode 
elements are disposed on the ground electrode, and the second 
non-feeding radiation element is disposed outside the ground 
electrode. Thus, the three electrode elements produce a multiple 
resonance def ined conotitutcd by three types of resonances that 
are clearly different from each other. Thus, for example, a 
multiple resonance with outstanding an excellent matching is can be 
achieved over a wide band including, for example, a fundamental 
wave, a first harmonic wave, and a second harmonic wave. Thus, a 
further increase in bandwidth is can be achieved. 

[0023] In addition, the second non-feeding radiation 

element loaded with a dielectric substance is disposed outside 
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the ground electrode, instead of being disposed on the ground 
electrode. Thus, a ground wire and an antenna element disposed 
away from a ground plate with a desired ccrtain distance 
(thickness) therebetween that are necessary for causing an a ]cnown 
oo - callcd inverted-F antenna to produce a multiple resonance are 
not required, and a reduction in the thickness and 
miniaturization are can be achieved. In addition, since ouch a 
ground wire is not required, there are no restrictions and the 
like arc not required, — restriction on the shape of a corner 
portion or the like of the ground electrode (ground plate) due to 
such a ground wire can be eliminated . 

[ 0024 ] The second non-feeding radiation element may be 

electrically connected at substantially a central location of the 
desired pooition of the predetermined side of the ground electrode. 

[0 025] With this arrangement, the second non-feeding 

radiation element is electrically connected at a_substantially -a 
central location pooition of one side of the ground electrode. 
Thus, induced currents flow symmetrically with respect to the 
substantially the central location pooition of the one side and 
have opposite phases, and the induced currents cancel each other. 
Thus, for example, leakage of an electric field from an antenna 
to a head of a user when the user^ s uocr bringo hio or her head is 
moved closer to the antenna is prevented and minimized can be 
GupprcGGcd . 

[0026] A resonance due to the second non-feeding 

radiation element may be assigned to a higher frequency side or a 
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lower frequency side of a multiple resonance due to the feeding 
radiation element and the first non-feeding radiation element to 
produce a triple resonance. 

[ 0027 ] With this arrangement, a further increase in 

bandwidth and in efficiency is can be achieved as compared to an 
antenna having with a case of two resonances. 

[0 028] A resonance due to the second non-feeding 

radiation element may be assigned to a higher frequency side or a 
lower frequency side of a multiple resonance due to a harmonic 
wave of the feeding radiation element and a harmonic wave of the 
first non-feeding radiation element to produce a triple resonance. 

[0029] With this arrangement, a further increase in 

bandwidth and in efficiency is can be achieved as compared to an 
antenna having with a caoc of two resonances. 

[ 0030 ] The ground electrode is preferably defined by may 

bo formed of a conductor pattern that is provided on the 
substrate and that has a substantially rectangular shape when 
viewed in plan. The feeding radiation element and the first non- 
feeding radiation element are provided close to one of two 
shorter sides at ends in a longitudinal direction of the ground 
electrode. The second non-feeding radiation element is arranged 
provided such that almost the entire second non-feeding radiation 
element projects outside the ground electrode from the side. 

[0031] With this arrangement, the antenna is suitable for 

being incorporated into, for example, a cellular phone unit 
having an elongated body shape. 
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[ 0032 ] The radiation electrode of each of the feeding 

radiation element, the first non-feeding radiation element, and 
the second non-feeding radiation element are pref erably may be 
provided on a dielectric base member or within the dielectric 
base member. 

[0 033] With this arrangement, an antenna element in which 

the feeding radiation element, the first non-feeding radiation 
element, and the second non-feeding radiation element are 
integrated with a dielectric base member is can be produced. Such 
an integrated antenna element is can be easily provided on the 
ground electrode. 

[ 0034 ] The feeding radiation element, the first non- 
feeding radiation element, and the second non-feeding radiation 
element are pref erably may be formed by insert molding or outsert 
molding using, as the dielectric base member, a dielectric 
material and a with thermoplastic resin. 

[0035] Alternatively, the The radiation electrode of each of 

the feeding radiation element and the first non-feeding radiation 
element may be provided on a dielectric base member. The 
radiation electrode of the second non-feeding radiation element 
is pref erably may be provided on a dielectric base member that is 
different from the dielectric base member on which the radiation 
electrode of each of the feeding radiation element and the first 
non-feeding radiation element is provided. 

[0036] With this arrangement, the feeding radiation 

element and the first non-feeding radiation element are can be 
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provided on the ground electrode such that the feeding radiation 
element and the first non-feeding radiation element are 
integrated with each other. Then, the second non-feeding 
radiation element can be added to the feeding radiation element 
and the first non-feeding radiation element that are integrated 
with each other. 

[0 037] The feeding radiation element and the first non- 
feeding radiation element are pref erably may be formed by insert 
molding or outsert molding using, as the dielectric base member, 
a dielectric material and a with thermoplastic resin. The second 
non-feeding radiation element is pref erably may be formed by 
insert molding or outsert molding using, as the different 
dielectric base member, a dielectric material and a with 
thermoplastic resin. 

[ 0038 ] The dielectric base member and the different 

dielectric base member have a fitting structure in which a 
fitting arrangement ot ate is uniquely defined by fitting the 
dielectric base member to the different dielectric base member. 

[0039] At least one of a chip capacitor and a chip 

inductor is pref erabl y may be installed in the middle of at least 
one of an electrical connection path between the radiation 
electrode and the ground electrode, an electrical connection path 
between the radiation electrode of the first non-feeding 
radiation element and the ground electrode, and an electrical 
connection path between the radiation electrode of the second 
non-feeding radiation element and the ground electrode. 
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[ 0040 ] A portable radio communication apparatus according 

to another preferred embodiment an aopcct of the present invention 
includes any one of the above-mentioned antennas. 

[0041] As described above, according to preferred 

embodiments of the present invention, each of the feeding 
radiation element, the first non-feeding radiation element, and 
the second non-feeding radiation element is loaded with a 
dielectric substance and disposed on the ground electrode, and 
the second non-feeding radiation element projects outside from 
one side of the ground electrode. Thus, an antenna having a 
reduced that achicvGo a reduction in the thickness and a 
miniaturized miniaturization of the overall size and that 
achieves a further increase in bandwidth is can be provided. 

[ 0042 ] In addition, according to other preferred 

embodiments of the present invention, a portable radio 
communication apparatus that achieves out standing cxcGl lent 
communication in a wide band and that achieves a reduced rcduction 
in the thickness and a miniaturized overall size 
is miniaturization can be provided. 

[0043] Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred embodiments 
of the present invention with reference to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS Bricf DcoGription of the 

Drawings 
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[ 0044 ] ^+Fig.^H Fig . 1 is a plan view of an antenna according 

to a first preferred embodiment of the present invention. 

[0045] -E-Fig.— 3^ Fig. 2 is a side view of the antenna 

according to the first preferred embodiment of the present 
invention . 

[0046] [ Fig . — 3^ Fig. 3 is a perspective view of the antenna 

according to the first preferred embodiment of the present 
invention . 

[0 047] [Fig. — 4^ Fig. 4 is a perspective view of a second non- 
feeding radiation element 5. 

[ 0048 ] [Fig. — §-] Fig. 5 is a plan view of the second non- 
feeding radiation element 5 when the second non-feeding radiation 
element 5 is expanded based on a peripheral sur face of the second 
non-feeding radiation element 5. 

[0049] [Fig . — 6^ Fig. 6 is a graph showing experiment results 

of the resonance characteristics of the antenna according to the 
first preferred embodiment of the present invention. 

[0050] [Fig . — Fig. 7 is a graph showing each resonant state 

of the antenna. 

[ 0051 ] [Fig. — 8-] Fig. 8 is a graph showing a magnified 

fundamental-wave portion. 

[ 0052 ] [Fig. — 9-] Fig. 9 is a graph showing a magnified 

harmonic-wave portion. 

[0053] [Fig . — Fig. 10 is a perspective view of an antenna 

according to a second preferred embodiment of the present 
invention . 
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[ 0054 ] [Fig . — Fig. 11 is an equivalent circuit diagram 

showing the antenna according to the second preferred embodiment 
of the present invention. 

[0 055] [Fig . — Fig. 12 is a perspective view of an antenna 

according to a third preferred embodiment of the present 
invention . 

[0056] [Fig . — Fig. 13 is a perspective view showing a 

fitting structure in an antenna according to a fourth preferred 
embodiment of the present invention. 

[0 057] [Fig . — Fig. 14 is a perspective view showing 

another example of the fitting structure in the antenna according 
to the fourth preferred embodiment of the present invention . 

[0058] [Fig. — Fig. 15 is an illustration showing aneft 

example of a schematic structure of a known inverted-F antenna. 

[0059] [ Fig . — Fig. 16 is an illustration showing an 

example of a known cellular phone unit including a first antenna 
element and a second antenna element at an end in a longitudinal 
direction . 

[0060] [Fig. — i-?-] Fig. 17 is an illustration showing a triple- 
resonance surface-mount antenna main unit. 

[0061] [Fig . — 3r-§^ Fig. 18 is an illustration showing an 

antenna device in which a ground opening is formed in a ground 
electrode on which a surface-mount antenna main unit is provided. 
Best Mode — for Carrying Out the — Invention 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0062] Preferred embodiments of Boot mode for the present 
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invention will be io described with reference to the drawings. 



Preferred Embodiment 1 

[0063] Fig. 1 is a plan view showing an antenna according 

to a first preferred embodiment of the present invention. Fig. 2 
is a side view of the antenna according to the first preferred 
embodiment, and Fig. 3 is a perspective view of the antenna 
according to the first preferred embodiment of the present 
invention . 

[0064] As shown in Fig. 1, an antenna 1 according to this 

preferred embodiment preferably includes a ground electrode 2, a 
feeding radiation element 3, a first non-feeding radiation 
element 4, and a second non-feeding radiation element 5. 

[0065] The ground electrode 2 includes io formed of a 

conductor having that hao a substantially rectangular outer shape 
when viewed in plan and that is made of sheet metal or metallic 
foil and is installed on a substrate 6, as shown in Fig. 2. The 
ground electrode 2 functions as a so-called ground substrate. 

[0066] As shown in Fig. 1, the feeding radiation element 

3 is a substantially generally flat surface mount element 
preferably having of a substantially rectangular parallelepiped 
shape. The feeding radiation element 3 is disposed on the ground 
electrode 2 such that one side (referred to as a connection side 
9) is disposed substantially parallel to and in the vicinity of a 
desired prcdGtcrminGd side 2a of the ground electrode 2. 
[0067] As shown in Fig. 3, the feeding radiation element 
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3 includes a dielectric base member 7 and a radiation electrode 8 . 
The dielectric base member 7 is formed by, for example, injection 
molding of a dielectric material. The radiation electrode 8 is 
made of a conductor, such as sheet metal or metallic foil, 
provided on the surface of the dielectric base member 7 . The 
radiation electrode 8 is an antenna pattern including of about 
one turn and includcD a slit 8a, as shown in Fig. 1. Thus, the 
surface of the radiation electrode 8 is substantially parallel to 
the sur face of the ground electrode 2. The radiation electrode 8 
is an electromagnetic wave radiation electrode that is loaded 
with a dielectric substance due to the dielectric base member 7 . 
The radiation electrode 8 is connected to an external signal 
supply source or the like , which is not shown, and actively 
radiates radio waves. That is, a_feeding element mcano , which is 
not shown, directly supplies power to the radiation electrode 8. 

[0068] The first non-feeding radiation element 4 is a 

substantially generally flat element preferably having- e-# a 
substantially rectangular parallelepiped shape. The first non- 
feeding radiation element 4 is disposed next to the feeding 
radiation element 3 on the ground electrode 2 such that one side 

(referred to as a connection side 11) is disposed substantially 
parallel to and in the vicinity of the side 2a of the ground 
electrode 2. 

[0069] As shown in Figs. 2 and 3, the first non-feeding 

radiation element 4 includes the dielectric base member 7 and a 
radiation electrode 10. The dielectric base member 7 is shared 
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with the feeding radiation element 3. Thus, similar oimilarly to 
the radiation electrode 8, the sur face of the radiation electrode 
10 is substantially parallel to the surface of the ground 
electrode 2. The radiation electrode 10 is disposed adjacent to 
the radiation electrode 8 with a desired prcdGtcrminGd gap 
therebetween on the dielectric base member 7 and is connected to 
the ground electrode 2. Similar to the radiation electrode 8 of 
the feeding radiation element 3, the radiation electrode 10 is an 
antenna pattern including about one turn and includco a slit 
10a, as shown in Fig. 1. 

[ 0070 ] The second non-feeding radiation element 5 is a 

passive antenna element having a substantially generally flat and 
elongated shape. The second non-feeding radiation element 5 
includes a dielectric base member 12 and a radiation electrode 13. 
The second non-feeding radiation element 5 is disposed adjacent 
to both the feeding radiation element 3 and the first non-feeding 
radiation element 4 . 

[ 0071 ] That is, as shown in Fig. 3, a connection side 15 

of the second non-feeding radiation element 5 is attached in 
parallel to both the connection side 9 of the feeding radiation 
element 3 and the connection side 11 of the first non-feeding 
radiation element 4, and substantially almoot the entire second 
non-feeding radiation element 5 projects outside the side 2a of 
the ground electrode 2 . 

[ 0072 ] Fig. 4 is a perspective view of the second non- 
feeding radiation element 5, and Fig. 5 is a plan view of the 
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second non-feeding radiation element 5 when the second non- 
feeding radiation element 5 is expanded based on a 
circumferential sur circumf GrcnGC face of the second non-feeding 
radiation element 5. 

[0073] As shown in Fig. 3, although the dielectric base 

member 12 is independent of the dielectric base member 7 and has 
a planar shape that is different from the dielectric base member 
7, the dielectric base member 12 has the same thickness as the 
dielectric base member 7. The dielectric base member 12 is a 
rectangular parallelepiped and has longer sides in a direction of 
the side 2a of the ground electrode 2. The radiation electrode 
13 is provided on the surface of the dielectric base member 12. 
Thus, similar oimilarly to the radiation electrodes 8 and 10, the 
surface of the radiation electrode 13 is substantially parallel 
to the sur face of the ground electrode 2. 

[0074] More specifically, as shown in Fig. 4, an end 13a 

of the radiation electrode 13 is disposed on the connection side 
15 of the dielectric base member 12. The radiation electrode 13 
extends from the end 13a to a top surface 12b of the dielectric 
base member 12, and loops along a periphery of the top surface 
12b. Then, the radiation electrode 13 returns to a left side in 
the drawing of the connection side 15. That is, as shown in Fig. 
5, the radiation electrode 13 is arranged formed on the 
dielectric base member 12 such that both ends 13a and 13c of the 
radiation electrode 13 are disposed on the connection side 15 of 
the dielectric base member 12 and a loop portion 13b is disposed 
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on the top sur face 12b. In addition, as shown in Fig. 3, when 
the second non-feeding radiation element 5 is attached to the 
feeding radiation element 3 and the first non-feeding radiation 
element 4, the end 13a of the radiation electrode 13 is connected 
at a central location pooition 2b of the side 2a of the ground 
electrode 2. 

[0075] As described above, the feeding radiation element 

3 and the first non-feeding radiation element 4 function as an 
integrated surface-mount element including the radiation 
electrode 8 and the radiation electrode 10 that are disposed 
adjacent to each other with a predetermined gap therebetween on 
the dielectric base member 7. In addition, the second non- 
feeding radiation element 5 is provided f ormcd by disposing the 
radiation electrode 13 on the dielectric base member 12, which is 
independent of the dielectric base member 7 . The second non- 
feeding radiation element 5 is an independent electrode element, 
separated from the feeding radiation element 3 and the first non- 
feeding radiation element 4. Thus, after the feeding radiation 
element 3 and the first non-feeding radiation element 4 are 
provided on the ground electrode 2, the second non-feeding 
radiation element 5 is can be provided by attaching the second 
non-feeding radiation element 5 to the connection sides 9 and 11. 
Accordingly, the sur face of the radiation electrode 13 is 
substantially parallel to the sur face of the ground electrode 2 . 

[0076] In addition, the feeding radiation element 3 and 

the first non-feeding radiation element 4 are preferably can be 
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formed by disposing the radiation electrode 8 and the radiation 
electrode 10 in advance in desired locations prcdGtcrminGd 
pooitiono within a die (not shown) for injection molding and by- 
performing insert molding using, as a forming material of the 
dielectric base member 7, a dielectric material and a with 
thermoplastic resin. Alternatively, the feeding radiation 
element 3 and the first non-feeding radiation element 4 may be 
formed by performing outsert molding. 

[ 0077 ] In addition, similarly, the second non-feeding 

radiation element 5 is preferably can be formed by disposing the 
radiation electrode 13 in advance in a desired 

location prcdGtcrminGd position within a die for injection molding 
and by performing insert molding using, as a forming material of 
the dielectric base member 12, a dielectric material and a with 
thermoplastic resin. Alternatively, the second non-feeding 
radiation element 5 may be formed by performing outsert molding. 

[ 0078 ] Operations and advantages of the antenna 1 

according to this preferred embodiment are described below ncxt . 

[0079] Fig. 6 is a graph showing experimental results 

when the resonance characteristics of a situation in whiche eoe 
whore a second non-feeding radiation element is installed in the 
antenna according to this preferred embodiment and the resonance 
characteristics of a situation in which caoG where the second non- 
feeding radiation element is removed from the antenna are 
compared with each other. 

[0080] When, in the antenna 1 shown in Fig. 1, a signal 
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is supplied from an external signal supply source or the like to 
the radiation electrode 8, the radiation electrode 8 actively 
radiates electromagnetic waves. Due to the electromagnetic waves, 
the radiation electrode 10 and the radiation electrode 13 
passively resonate. Thus, the radiation electrode 8, the 
radiation electrode 10, and the radiation electrode 13 produce a 
triple resonance. 

[ 0081 ] Here, the first non-feeding radiation element 4 is 

disposed on the ground electrode 2, and the second non-feeding 
radiation element 5 is disposed outside the ground electrode 2. 
In addition, the planar shape and the overall size are different 
between the first non-feeding radiation element 4 and the second 
non-feeding radiation element 5. Thus, the first non-feeding 
radiation element 4 and the second non-feeding radiation element 
5 have resonant frequency bands that are obviously different from 
each other. In addition, each of the radiation electrode 8, the 
radiation electrode 10, and the radiation electrode 13 is loaded 
with a dielectric substance. Thus, each of the radiation 
electrode 8, the radiation electrode 10, and the radiation 
electrode 13 resonates in a desired resonant frequency band. 

[0082] In order to confirm the above-mentioned points, an 

experiment was io performed. As shown by a curve A in Fig. 6, a 
triple resonance including clear peaks at resonant frequencies in 
three frequency bands 41, 42, and 43, which are clearly different 
from each other, is achieved. 

[0083] The experiment will now be described more 
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specifically . 

[ 0084 ] In this experiment, the resonance characteristics 

of a situation in which caoc where the second non-feeding 
radiation element 5 is installed in the antenna 1 and the 
resonance characteristics of a situation in which caoc where the 
second non-feeding radiation element 5 is removed from the 
antenna 1 are compared with each other. 

[0085] More specifically, the dimensions of the ground 

electrode 2 are set such that the width W is about 4 0 mm and the 
length L is about 165 m m, for example . In addition, the 
dimensions of the dielectric base member 7 (see Fig. 2 or Fig. 3) 
(that is, the dimensions are substantially equal to the total of 
the dimensions of the feeding radiation element 3 and the 
dimensions of the first non-feeding radiation element 4) are set 
such that the width b is about 2 6 mm, the length a is about 23 mm, 
and the thickness D is about 3 m m, for example . In addition, the 
dimensions of the dielectric base member 12 (that is, the 
dimensions are substantially equal to the dimensions of the 
second non-feeding radiation element) are set such that the 
length w is about 32 mm, the width c is about 5 mm, and the 
thickness D is about 3 m m, for example . The dielectric base 
member 7 and the dielectric base member 12 are made of dielectric 
materials having a dielectric constant of about 6.4 , for example . 

[0086] Under such conditions, the resonant experiment is 

performed using the feeding radiation element 3, the first non- 
feeding radiation element 4, and the second non-feeding radiation 
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element 5. As shown by the curve A in Fig. 6, a triple resonance 
with outstanding an cxcGllcnt matching including three different 
resonant frequency bands, that is, a first resonant frequency 
band 41 in which the peak exists at about 825 MHz, a second 
resonant frequency band 42 in which the peak exists at about 8 90 
MHz, and a third resonant frequency band 43 in which the peak 
exists at about 960 MHz is observed. That is, in the antenna 1 
according to this preferred embodiment, in a fundamental wave, a 
multiple resonance with outstanding an cxcGllcnt matching is can 
fee— achieved over a wide band from about 800 MHz to about 1000 MHz 
including the first resonant frequency band 41, the second 
resonant frequency band 42, and the third resonant frequency band 
43. 

[ 0087 ] In contrast, the experiment in which the feeding 

radiation element 3 and the first non-feeding radiation element 4 
produce a resonance when the second non-feeding radiation element 
5 is removed is performed. In this case, as shown by a curve B 
in Fig. 6, a resonance including the clear peak is generated in 
the third resonant frequency band 43. However, the resonance in 
the first resonant frequency band 41 is almost completely lost, 
and the sharpness of the resonance peak in the second resonant 
frequency band 42 is significantly reduced. 

[0088] In accordance with the above- described montionod 

experiment results, the occurrence of a multiple resonance with 
outstanding an GxcGllcnt matching including clear peaks in the 
first resonance frequency bad 41, the second resonance frequency 
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band 42, and the third resonant frequency band 43 is observed 
when the second non-feeding radiation element 5 of the antenna 1 
is disposed outside the ground electrode 2. 

[0089] Here, the fact that an antenna using the feeding 

radiation element 3, the first non-feeding radiation element 4, 
and the second non-feeding radiation element 5 is capable of 
producing a multiple resonance over a wide band is considered. 

[0090] Fig. 7 is a graph showing each resonance in the 

antenna. Fig. 8 is a graph in which a fundamental-wave portion is 
magnified, and Fig. 9 is a graph in which a harmonic-wave portion 
is magnified. 

[00 91] As a first comparative example, an antenna main 

unit from which the first non-feeding radiation element 4 is 
removed, that is, the feeding radiation element 3 disposed on the 
ground electrode 2 produces a single resonance, and matching with 
the second non-feeding radiation element 5 disposed outside the 
ground electrode 2 is achieved. Accordingly, a multiple 
resonance in a fundamental wave is achieved. In this case, as 
shown by a curve S02 represented by a two-dot chain line in a 
fundamental-wave portion B in Figs. 7 and 8, a multiple resonance 
is can bo achieved in a fundamental wave. However, as shown by a 
curve S02 in a harmonic-wave portion H in Figs. 8 and 9, a 
satisfactory resonance cannot be achieved in a harmonic wave. 

[0092] As a second comparative example, the feeding 

radiation element 3 and the first non-feeding radiation element 4 
that are disposed on the ground produce a multiple resonance 
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(double resonance) . In this case, as shown by a curve SOI 
represented by a dotted line in a fundamental-wave portion B and 
a harmonic-wave portion H in Figs. 7 to 9, an 
outstanding cxGGllGnt multiple resonance is achieved in a 
fundamental wave and a harmonic wave. However, since both the 
feeding radiation element 3 and the first non-feeding radiation 
element 4 are disposed on the ground electrode 2, the Q value of 
each of two resonances def ining conotituting the double resonance 
is high. Thus, there is a limit to the an increase in bandwidth 
for such a multiple resonance. 

[0093] In accordance with the results of the first and 

second comparison examples, the fact that, for a single resonance, 
the use of the second non-feeding radiation element 5 disposed 
outside the ground electrode 2 increases the bandwidth although a 
problem occurs in a harmonic wave and that, for a multiple 
resonance caused by the feeding radiation element 3 and the first 
non-feeding radiation element 4 that are disposed on the ground 
electrode 2, an out standing oxcGl lent multiple resonance is can be 
achieved in a fundamental wave and a harmonic wave although a 
problem occurs in the width of the bandwidth is found. Thus, by 
combining the results of the first and second comparative 
examples and by providing f orming an antenna including- »# the 
feeding radiation element 3, the first non-feeding radiation 
element 4, and the second non-feeding radiation element 5, the_it 
io GonoidGrcd that advantages of the in respective cases are 
added and the that drawbacks are can be overcome. 
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[0094] Thus, the feeding radiation element 3 and the 

first non-feeding radiation element 4 are disposed on the ground 
electrode 2, the second non-feeding radiation element 5 is 
disposed outside the ground electrode 2, and the feeding 
radiation element 3, the first non-feeding radiation element 4, 
and the second non-feeding radiation element 5 produce a triple 
resonance. In this case, as shown by a curve S012 represented by 
a solid line in the fundamental-wave portion B and the harmonic- 
wave portion H in Figs. 7 to 9, an out standing cKGcl lent triple 
resonance is can be achieved in a fundamental wave and a harmonic 
wave, and a wider bandwidth is also can be achieved. The antenna 
according to this preferred embodiment is prepared in view 
of crcatod under such consideration. Thus, the use of the antenna 
according to this preferred embodiment achieves a rcalizco a 
communication apparatus supported by all the specifications of 
GSM 850/900/18001900/UMTS (a bandwidth between 824 MHz and 960 
MHz and a bandwidth between 1710 MHz and 2170 MHz are used), CDMA 
800 (a bandwidth between 832 MHz and 925 MHz is used), and PDC 
800 (a bandwidth between 810 MHz and 960 MHz is used) , as shown 
by the curve S012 in Fig. 7. 

[0095] In the antenna 1 according to this preferred 

embodiment, as shown in Figs. 2 and 3, each of the radiation 
electrode 8, the radiation electrode 10, and the radiation 
electrode 13 is loaded with a dielectric substance, and an 
out standing cxGcl lent multiple resonance is can be produced. Thus, 
even if the thickness of each of the feeding radiation element 3, 
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the first non-feeding radiation element 4, and the second non- 
feeding radiation element 5 is not set to be equal to the 
thickness (the distance from a ground plate to an antenna plate 
that floats above the ground plate) in, for example, a generally 
known inverted-F antenna, an increase in bandwidth is can be 
achieved. As a result, a reduction in the thickness of the 
entire antenna 1 is can be achieved. For the antenna 1 according 
to this preferred embodiment, the thickness D of each of the 
feeding radiation element 3, the first non-feeding radiation 
element 4, and the second non-feeding radiation element 5 is 
about 3 m m, for example . Even if the thickness of the ground 
electrode 2 and the substrate 6 is added, a reduction in the 
thickness of the entire antenna 1 is can be achieved. 

[0096] In addition, for example, for an inverted-F 

antenna that is not loaded with a dielectric substance, since a 
large electric field leaks out toward the head of a user, when 
the user^ s uocr brings hio or her head is moved closer to the 
antenna, communication performance may be significantly 
deteriorated. However, in the antenna 1, since each of the 
radiation electrode 8, the radiation electrode 10, and the 
radiation electrode 13 is loaded with a dielectric substance, for 
example, leakage of an electric field from the side 2a of the 
ground electrode 2 to the head of the user is prevented and 
minimized can be — supprcGGcd due to the dielectric base members 7 
and 12. 

[0097] In addition, since the radiation electrode 13 is 
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connected at the central location poGition 2b of the side 2a of 
the ground electrode 2, induced currents la and lb flow in 
opposite directions from each other along the side 2a, as shown 
in Fig. 3. Thus, the induced currents la and lb cancel each 
other. Therefore, when the user brings his or her head closer to 
the antenna, an electric field that leaks out from the four 
peripheral four sides of the ground electrode 2 to the head can 
be reduced or prevented. 

[0098] In addition, since the second non-feeding 

radiation element 5 is loaded with a dielectric substance due to 
the dielectric base member 12, the external planar dimensions of 
the second non-feeding radiation element 5 are can be reduced. 
Thus, even if the second non-feeding radiation element 5 projects 
outside the ground electrode 2, the size of the projection is can 
be reduced. In the antenna 1 according to this preferred 
embodiment, the external shape of the second non-feeding 
radiation element 5 is substantially flat and elongated, and the 
size of the projection is about oct to 5 mm or less , for example . 
As a result, miniaturization of the entire antenna 1 is can be 
achieved. 

[0099] In addition, the second non-feeding radiation 

element 5 is disposed such that the length in the longitudinal 
direction of the second non-feeding radiation element 5 falls 
within the length of the side 2a of the ground electrode 2, and a 
multiple resonance is produced. Thus, a ground wire, an antenna 
element, and other elements used thc like ouggcGtcd in known 
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technologies are not required ncccGGarily provided at a corner of 
a ground plate (ground electrode 2) . Therefore, in the antenna 1 
according to this preferred embodiment, the shape of the four 
corners — (-corner portions-)- of the ground electrode 2 is not 
restricted due to the installation of the ground wire, and the 
flexibility in designing the entire shape and the flexibility in 
designing for mounting when a CCD image pickup element (not 
shown) or other pickup element thc like is provided on the 
substrate 6 are improved can be incrGaoGd . 

[0100] As described above, in the antenna 1 according to 

this preferred embodiment, a reduction in the thickness and 
miniaturization of the overall size are can be achieved and a 
further increase in bandwidth is can be achieved. 

Preferred Embodiment 2 

[0101] Fig. 10 is a perspective view of an antenna 

according to a second preferred embodiment of the present 
invention, and Fig. 11 is an equivalent circuit diagram showing 
the electric circuit structure of the antenna according to the 
second preferred embodiment. In the second preferred embodiment, 
the same components componcnt parto as in the first preferred 
embodiment are referred to with the same reference numerals. 

[0102] In the antenna according to this preferred 

embodiment, the feeding radiation element 3 and the first non- 
feeding radiation element 4 are disposed on the ground electrode 
2 such that the connection sides 9 and 11 are offset so as to be 
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disposed slightly inward from the side 2a of the ground electrode 
2, as shown in Fig. 10. A chip capacitor 22 and chip coils (chip 
inductors) 23 and 24 are provided in a certain space S on the 
ground electrode 2 generated by the offset. 

[0103] The chip capacitor 22 is inserted between a 

connection wire 25 connected to the radiation electrode 10 and 
the ground electrode 2. The chip coil 23 is inserted between a 
connection wire 26 connected to the radiation electrode 8 and the 
ground electrode 2. The chip coil 24 is inserted between the end 
13a of the radiation electrode 13 and the ground electrode 2. 
Thus, the antenna 21 according to this preferred embodiment has 
the e ^structure shown in Fig. 11, in terms of an equivalent 
circuit . 

[ 0104 ] That is, since the chip coil 23 is connected to 

the radiation electrode 8, the radiation electrode 8 is capable 
of achieving a desired matching for resonance characteristics due 
to the inductance of the chip coil 23. In addition, since the 
chip capacitor 22 is connected to the radiation electrode 10 and 
since the chip coil 24 is connected to the radiation electrode 13, 
a desired matching is can be achieved for respective resonance 
characteristics . 

[0105] With the arrangement according to this preferred 

embodiment, desired resonance characteristics for the feeding 
radiation element 3, the first non-feeding radiation element 4, 
and the second non-feeding radiation element 5 are can be achieved 
easily and accurately by changing the characteristics of the chip 
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capacitor 22, the chip coil 23, and the chip coil 24 without 
changing the shape and dimensions of the radiation electrode 8, 
the radiation electrode 10, and the radiation electrode 13 , and 

without changing the material or the like of the dielectric 
base members 7 and 12. 

[0106] Since the other structural features, operations, 

and advantages are similar to those in the first preferred 
embodiment, descriptions thereof are omitted here. 

Preferred Embodiment 3 

[ 0107 ] Fig. 12 is a perspective view of an antenna 

according to a third preferred embodiment of the present 
invention. In the third preferred embodiment, the same 
componentS Gomponcnt parts as in the first preferred embodiment 
are referred to with the same reference numerals. 

[0108] In the antenna according to this preferred 

embodiment, the feeding radiation element 3, the first non- 
feeding radiation element 4, and the second non-feeding radiation 
element 5 are integrated together to def ine f orm a single surface- 
mount antenna element 32, as shown in Fig. 12. 

[0109] That is, the surface-mount antenna element 32 

includes io formed by diopooing the feeding radiation element 3, 
the first non-feeding radiation element 4, and the second non- 
feeding radiation element 5 disposed on a single dielectric base 
member 7 ' . 

[0110] The surface-mount antenna element 32 is provided 
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on the substrate 6 such that substantially almoat the entire 
second non-feeding radiation element 5 projects from the side 2a 
and such that the feeding radiation element 3 and the first non- 
feeding radiation element 4 are disposed on the ground electrode 
2. 

[0111] As described above, since the feeding radiation 

element 3, the first non-feeding radiation element 4, and the 
second non-feeding radiation element 5 are integrated together as 
the surface-mount antenna element 32, mounting on the substrate 6 
(the ground electrode 2) is easily can be performed caaily . 

[ 0112 ] Since the other structural features, operations, 

and advantages are similar to those in the first preferred 
embodiment, the descriptions thereof are omitted here. 

Preferred Embodiment 4 

[0113] Fig. 13 is a perspective view showing a fitting 

structure of an antenna according to a fourth preferred 
embodiment of the present invention. In the fourth preferred 
embodiment, the same components componcnt parts as in the first 
preferred embodiment are referred to with the same reference 
numerals . 

[ 0114 ] As shown in Fig. 13, in this preferred embodiment, 

fitting recesses 41a and 41b are provided in the feeding 
radiation element 3 and the first non-feeding radiation element 4, 
and fitting protrusions 42a and 42b are provided on the second 
non-feeding radiation element 5. That is, a fitting structure 40 
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includes the fitting recesses 41a and 41b and the fitting 
protrusions 42a and 42b. 

[0115] More specifically, the fitting recesses 41a and 

41b are provided in the connection sides 9 and 11 of the 
dielectric base member 7, and the fitting protrusions 42a and 42b 
are provided on the connection side 15 of the second non-feeding 
radiation element 5. Thus, by fitting the fitting protrusions 
42a and 42b into the fitting recesses 41a and 41b, the second 
non-feeding radiation element 5 is can be connected at desired 
locations prcdctcrmincd pooitiono of the feeding radiation element 
3 and the first non-feeding radiation element 4 in desired 
arrangement prcdGtcrminGd attitude . 

[0116] Here, it is preferable that the fitting shape of 

the fitting recess 41a and the fitting protrusion 42a be 
different from the fitting shape of the fitting recess 41b and 
the fitting protrusion 42b. Thus, each of a connection state 
between the second non-feeding radiation element 5 and the 
feeding radiation element 3 and a connection state between the 
second non-feeding radiation element 5 and the first non-feeding 
radiation element 4 is unique. oct uniquely. Thus, for example, 
since the fitting recess 41a does not fit the fitting protrusion 
42b, a situation in which the second non-feeding radiation 
element 5 is connected such that left and right are reversed is 
can be avoided . 

[ 0117 ] In addition, another fitting structure is possible, 

as shown in Fig. 14. That is, the fitting structure may include 
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the fitting protrusions 42a and 42b including stop clicks 43a and 
43b and fitting recesses 44a and 44b that are engaged with the 
stop clicks 43a and 43b. 

[0118] Since the other structural features, operations, 

and advantages are similar to those in the first preferred 
embodiment, the descriptions thereof are omitted here. 

[0119] The antenna according to each of the foregoing 

preferred embodiments is suitably usable as an antenna included 
in, for example, contained in a portable radio communication 
apparatus, such as a cellular phone unit, for which a reduction 
in the thickness and miniaturization are required and for which a 
further increase in bandwidth is required. 

[0120] The present invention is not limited to each of 

the foregoing preferred embodiments, and various changes and 
modifications can be made to the present invention without 
departing from the scope and spirit giot of the present invention. 

[ 0121 ] For example, in each of the foregoing preferred 

embodiments, the radiation electrodes 8, 10, and 13 of the 
feeding radiation element 3 and the first and second non-feeding 
radiation elements 4 and 5 are disposed formed on the surface of 
the dielectric base members 7 and 12. However, the radiation 
electrodes 8, 10, and 13 may be disposed formed inside (within) 
the dielectric base members 7 and 12 such that the radiation 
electrodes 8, 10, and 13 are substantially parallel to the ground 
electrode 2. 

[0122] In addition, in each of the foregoing preferred 
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embodiments, the external shape of each of the feeding radiation 
element 3 and the first and second non-feeding radiation elements 
4 and 5 is a substantially act to be a rectangular parallelepiped. 
However, the external shape is not limited to this. Any shape 
may can be used adoptcd as long as the external shape is three 
dimensional, such as a polygonal prism or a substantially 
circular cylinder. 

[0123] In addition, in each of the foregoing preferred 

embodiments, a_feeding element mcano directly supplies power to 
the radiation electrode 8. However, a_feeding element mcanQ that 
is capable of supplying power to the radiation electrode 8 
without contact by electromagnetic coupling may be used. 

[0124] While preferred embodiments of the present invention 

have been described above, it is to be understood that variations 
and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the present invention. 
The scope of the present invention, therefore, is to be 
determined solely by the following claims. 
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